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Factors affecting the structure of freshwater zooplankton communities have been 
generally studied in relatively small lakes, and comparative studies of species 
assemblages in large lakes are rare. In this thesis suitable methods for sampling and 
estimating the abundance and diversity of zooplankton in large boreal lakes were 
verified and intercalibrated; and the structure of the zooplankton communities in the 
large lakes Saimaa and Ladoga were studied. No systematic differences in sampling 
efficiency between different sampling devices were detected. The margin of error 
seemed to decrease clearly from the whole lake scale to the replicate samples and 
down to subsampling. 
 Comparisons between the Finnish and Russian zooplankton analysts and 
between the counting procedures indicated that the main groups of crustacean 
zooplankton were counted and identified in a similar manner, although the 
procedures themselves differed. 
 Length-weight regressions were established for common zooplankton taxa in 
the lakes Saimaa and Ladoga. Most of the variation in animal weight was explained 
by length, but individual variability was particularly large among copepods. As 
regards the mean individual weights both the inter-annual and seasonal variations 
were more pronounced than the lake-specific variation.  
 The observed total number of Crustacean taxa in the pelagial of lakes Ladoga 
and Saimaa was rather high compared to the number of species found in other 
studies. Large lake size offers a greater degree of habitat diversity and it is one 
factor which enabled for example a high diversity of Calanoida species of large 
boreal lakes.  
 According to our results, the large boreal lakes and their basins each have their 
own characteristic zooplankton community structured by the intrisic factors such as 
surface area, depth, trophic level, colour of water, and certainly the biological 
community of the lake. It seemed that the between-lake differences in zooplankton 
community structure were greater than interannual or seasonal within-lake 
differences. Thus, zooplankton community analysis can be a useful tool for 
determination of the ecological status of a large lake. 
 
 
Minna Rahkola-Sorsa, Faculty of Biosciences, University of Joensuu, P.O. Box 111, 
FI-80101 Joensuu, Finland
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1. INTRODUCTION 
 
 
1.1 Zooplankton community structure 
and the controlling factors 
 
The consideration of temporal and 
spatial variability in aquatic systems is 
essential for understanding the ecology 
of freshwater biota (Schindler 2001). 
Variability may be perceived as an 
impediment to understanding the 
forces that structure an ecosystem, but 
it can also be used to assess the relative 
importance of processes operating 
within a system (Kratz et al. 1987). 
Aquatic ecologists have typically 
examined space and time separately, 
either by sampling several lakes in a 
single year (often once), or one lake for 
many years (Rusak et al. 2002). 
Investigations to date have suggested a 
predominance of spatial over temporal 
variation (Kratz et al. 1987, Rusak et 
al. 2002, Olden et al. 2006).  
 The importance of spatial 
variation in zooplankton communities 
increases with the scale of observation 
from within- to between-lake scales 
and finally to regional scales (Pinel-
Alloul 1995, Masson et al. 2004a, 
Finlay et al. 2007, Rusak et al. 2008). 
Thus the regulators of the zooplankton 
community are also structured 
according to their scale. At the largest 
spatial scale latitude (Patalas 1990), 
glacial history (Segerståle 1962, 1976) 
and regional bedrock geology are 
important and they have effects on 
regional climate, lake thermal regime, 
water chemistry and evidently also on 
community composition (Yan et al. 
2008). These regional controlling 
factors have been the focus of 
increasing attention, since many 
anthropogenic stressors such as acid 
rain, increased UV radiation, 
introduction of alien species and large 
scale climate patterns (Schindler 1997, 
Rusak et al. 1999, Gyllstrom et al. 
2005, Blenckner et al. 2007) have a 
regional influence. Smaller-scale 
landscape patterns and characteristic of 
land use are also important (e.g. 
forestry, Patoine et al. 2002). 
Watershed features influence, for 
example, the supply of nutrients and 
the amount of organic carbon 
(Kortelainen et al. 2006). The 
predominant regulators influencing the 
zooplankton community at the smallest 
scale within a lake are biotic processes 
and interactions. 
 Post et al. (2000) observed that 
ecosystem size, not resource 
availability determines food-chain 
length in lakes. Species richness 
increases along a size gradient 
according to island biographic 
predictions. Thus, increased lake size 
offers a greater degree of habitat 
diversity (Dodson 1991, 1992, 
Søndergaard et al. 2005, but see 
Hessen et al. 2006). Further low 
interannual similarity in the 
community composition was 
associated with decreasing lake area 
and shoreline development (indicative 
of lower habitat heterogeneity) (Olden 
et al. 2006). 
 Large lakes exhibit structures and 
processes found in ocean basins, e.g 
large- scale hydrodynamic circulation 
patterns, and vertical and also 
horizontal (a so-called thermal bar) 
stratification of temperature, all of 
have various impacts on many biotic 
processes (Nõges et al. 2008)  such as 
large-scale patterns of zooplankton 
distribution (Pinel-Alloul 1995). 
Although zooplankton in large boreal 
lakes has been studied over a long 
period and sampled rather intensively 
(Jääskeläinen 1917, Sokolova 1930, 
Hakkari 1972, Andronikova 1996) 
scientific study reports of crustacean 
zooplankton community structure and 
sampling methods are scarce. Due to 
the large size and spatial heterogeneity, 
accurate sampling presents a real 
challenge. 
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 Zooplankton affects lake 
ecosystem processes by grazing on 
phytoplankton, recycling nutrients and 
organic material, and serving as prey 
for both vertebrate and invertebrate 
planktivores. In the majority of lakes 
phosphorus availability limits the algal 
production (Hecky & Kilham 1988, but 
see Elser 2007) which in turn 
determines the level of secondary 
production and affects also 
zooplankton species diversity (Dodson 
et al. 2000, Hessen et al. 2006). As 
primary production increases, the 
quantity of food for zooplankton 
increases, but its quality frequently 
deteriorates (Sommer et al. 1986). At 
the same time the abundance of 
planktivore fish increases as primary 
production is enhanced (Jeppesen et al. 
2000, Olin et al. 2002, but see Mehner 
et al. 2005). Predation has a greater 
impact on zooplankton communities in 
the nutrient poor ecosystems 
(Carpenter & Kitchell 1987, Finlay et 
al. 2007), where top-down factors are 
more important than bottom-up factors. 
  In general, total zooplankton 
biomass increases with increasing 
eutrophication, but the size structure of 
zooplankton communities is often 
independent of lake trophy (Pace 
1986). The relative abundance of 
calanoid copepods usually decreases, 
while small-bodied cyclopoid 
copepods, and cladocerans are the 
dominant macrozooplankton groups in 
eutrophic lakes (Andronikova 1996). 
 Calanoida copepods play an 
important role either as primary 
consumers or as predators in aquatic 
food webs, particularly in oligotrophic 
systems. Generally the number of 
Calanoida species in a single lake is 
much lower than number of 
Cyclopoida.  Possible explanations for 
the abundance of Calanoida species in 
large boreal lakes (Hakkari 1972, 
Andronikova 1996, Kulikova & Syarki 
2004) may be that the calanoid 
copepods are capable of highly 
selective feeding (DeMott 1995) and 
also that oxygenated hypolimnetic 
waters offer for large zooplankton a 
refuge from surface turbulence and fish 
predation (Masson et al. 2001). 
Different Calanoida species also have 
divergent reproductive strategies 
(Viitasalo 1994, Santer 1998, Santer et 
al. 2000).   
 Studies conducted across 
environmental gradients can greatly 
enhance our understanding of patterns of 
concordance in species traits and species 
assemblages across the changing 
ecological conditions of the gradients 
(Wellborn et al. 1996). Environmental 
gradients may be the result of various 
between-lake anthropogenic stressors, for 
example, eutrophication sustained by the 
nutrient loading from human activities 
(Pace 1986, Hessen et al. 1995, Jeppesen 
et al. 2000, Auer et al. 2004), declined 
pH due to acid rains (Pinel-Alloul et al. 
1990) or natural regulators such as 
thermal regimes (Patalas 1990, 
Stemberger & Lazorchak 1994, Rahkola-
Sorsa et al. 2006). In large lakes versatile 
gradients can also be observed also 
within the lake (Carter et al. 1995, IV, 
V).  
 
1.2 Methods for analysing the 
zooplankton community in large 
lakes 
  
Zooplankton study is a multi-phase 
process. It starts from the design of the 
sampling programme, includes 
enumeration by microscope and ends 
with interpreting the results and 
estimating the accuracy and precision of 
the data (Fig. 1). Every stage of analysis 
includes the possibility of random or 
systematic error. In order to validate the 
results of this thesis, the sampling and 
analysis methods have been verified and 
intercalibrated, particularly since part of 
the work has involved international 
scientific cooperation carried out by 
different methods and analytical 
practices. 
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Figure 1. Process diagram of zooplankton community studies and factors affecting 
the precision and accuracy of density, diversity and biomass estimates of 
zooplankton species. The original articles are referred by Roman 
numerals in the figure. 
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 Precision of sampling or analysis 
(i.e. random error) can be measured by 
repeated observations on the same 
sample and expressed in terms of 
standard deviation or error (Sutcliffe 
1979). In general, the number and 
volume of zooplankton samples taken 
from a lake, the number and volume of 
subsamples during microscopic 
counting and the accuracy of species 
identification will determine the 
usefulness of the results for 
zooplankton community analysis. 
Further, analysis of control or 
reference samples, method comparison, 
intercalibration of different laboratories 
and comparison between different 
analysts are all procedures that help to 
evaluate the accuracy of the 
zooplankton sampling.  
The requisite number of samples 
or subsamples can be determined by 
the precision required and the sampling 
variance (Downing et al. 1987). The 
variance-mean density relationship 
shows how the requisite number of 
samples decreases with increased 
population density, sampler volume 
and lowered precision requirements 
(Downing et al. 1987). The variance-
mean function of the zooplankton 
population is not strongly influenced 
by either by taxonomic specification or 
environment (Downing et al. 1987, 
Pace et al. 1991).  
 Bottrell et al. (1976) have stated 
that “the most efficient sampling is the 
one which catches the greatest number 
of individuals”. There are in practice 
two basic principles for sampling 
zooplankton (Fig. 1). The use of 
bottles, pumps and tubes is based on 
the collection of water samples, 
whereas plankton nets and towed 
plankton samplers are based on the 
filtration of zooplankton (De Bernardi 
1984). The advantage of water 
samplers is that the volume is known 
exactly, and they are easy to handle.
 The most common sampling 
devices used zooplankton studies are 
still various plankton nets, which are 
commonly used, especially in large 
lakes and marine environments 
(Masson et al. 2004b). The nets can be 
handled rapidly and easily, and 
sampling cost are relatively low. Most 
studies on zooplankton diversity in 
lakes were carried out by net-hauls in 
open water from the deepest part of the 
lake without separating the different 
depth and temperature strata (e.g. 
Hessen et al. 2006). This approach is, 
however, insufficient for large lakes 
where spatial heterogeneity is large 
(e.g Evans & Sell 1983, Viljanen & 
Karjalainen 1993, Pinel-Alloul et al. 
1999).  
 It is generally not possible to 
count an entire plankton sample (Fig. 
1). The same sources of errors as in 
sampling are possible when a sample is 
subsampled. The precision of estimates 
has been shown to be directly 
dependent upon the relative abundance 
of the species in the aliquots (Alden et 
al. 1982). The subsampling error may 
vary compared to variation among 
samples and thus the contribution of 
subsampling error to total variance 
should be considered (Van Guelpen et 
al. 1982). 
 Intercalibration is a very 
important element in good laboratory 
practice, and it is frequently carried out 
with water chemistry samples, but only 
relatively rarely with biological 
analyses. Intercalibration is needed as a 
part of international scientific 
cooperation when counting procedure, 
analyst and equipment are different. In 
joint work, the results are subject an 
extra source of unknown error, which it 
is essential to determine. 
 Biomass is an essential parameter 
in studies of the structure and 
production of plankton communities 
(Fig. 1). Zooplankton biomass is most 
commonly estimated by using 
equations taken from the literature, 
where measured length predicts animal 
weight (e.g. Dumont et al. 1975, 
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Bottrell et al. 1976, McCauley 1984, 
Bird & Prairie 1985, Kawabata & 
Urabe 1998). Direct measurement of 
the dry or carbon weight (Woodd-
Walker et al., 2000 Masson et al. 
2004a) of zooplankton populations has 
been rarely been done in a freshwater 
ecosystem. The well-documented 
length-weight regressions of 
crustaceans are mainly measured from 
samples in Central Europe lakes 
(Dumont et al. 1975, Bottrell et al. 
1976), but in Eastern Fennoscandinavia 
there are only a few equations 
available. 
 
This thesis has two main parts: firstly I 
deal with suitable methods for 
sampling and estimating the abundance 
and diversity of zooplankton in large 
boreal lakes, and secondly I discuss the 
structure of the zooplankton 
communities as based on results from 
the two large lakes, Saimaa and 
Ladoga. 
 
In the first part of my thesis the 
detailed goals were: 
1) to compare different zoo-
plankton sampling techniques 
in order to find and apply a 
practice that is suitable for 
sampling in large lakes (I); 
2) to intercalibrate zooplankton 
research methods between the 
Russian and Finnish 
workgroups and to analyse the 
effects of counting procedures 
on precision and accuracy of 
the results (II); 
3) to present length-weight 
regressions for zooplankton 
species and to compare their 
variability between lakes and 
seasons (III). 
 
In the second part of my thesis the 
major objectives were:  
4) to describe the plankton 
communities along the 
observed nutrient gradients in 
two bays of Lake Ladoga (IV) 
and two basins of the Saimaa 
lake complex (Lakes 
Haukivesi and Etelä-Saimaa) 
(V). The study areas are 
characterised by nutrient loads 
from human activities and 
non-point sources as well as 
effluents from mainly paper 
and pulp mills;  
5) to study how the zooplankton 
community reflected the 
physical, chemical and 
biological differences between 
the six lake areas located in the 
lakes Saimaa and Ladoga (VI). 
 
 
2. STUDY AREAS 
 
Zooplankton samples were collected 
from seven lake areas (Etelä-Saimaa, 
Haukivesi, Paasivesi, Puruvesi, 
Pyhäselkä, Sortavala Archipelago and 
Volkhov Bay) from lakes Saimaa and 
Ladoga in 1992-2002 (Fig. 2). The first 
four lake areas are basins of Saimaa 
lake complex (referred to hereafter as 
Lake Saimaa) in Finland and last two 
areas represent the opposite ends of 
Lake Ladoga in Russia.  
 Lakes Ladoga and Saimaa (and 
most of its lake basins) can be 
considered to be very large (surface 
area over 100 km2) boreal lakes 
(Directive, 2000). The lakes have 
interconnected during the post-
glaciation period, which ended in 
ca.11 600 years ago (Saarnisto & 
Saarinen 2001). Lake Saimaa is the 
central lake in the Vuoksi drainage 
system (area 61 070 km2) and one of 
the subsystems of drainage system of 
Lake Ladoga (area 258 000 km2) 
(Drabkova et al. 1996). In the Vuoksi 
river basin the lake density is 43 lakes 
per 100 km2 and there are numerous 
large lakes (Lepistö & Holopainen 
2003). 
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Figure 2. Study area. (Drawing by Kirsti Kyyrönen). 
 
 The surface area of Lake Saimaa is 
4400 km2. It is fragmented, and its total 
length in a north-south direction of as 
much as 180 kilometres and width of 
140 kilometres, are quite comparable 
with the 210 x 130 kilometres 
dimensions of Lake Ladoga (Kuusisto 
1999). The study areas of Lakes Etelä-
Saimaa, Haukivesi, Paasivesi and 
Pyhäselkä have been described in 
details elsewhere (Mononen & Niinioja 
1993, Huuskonen et al. 2000, Rahkola-
Sorsa et al. 2001, IV). 
 Lake Ladoga is the largest lake in 
Europe (Table 1). Lake Ladoga may 
generally be classified as mesotrophic, 
but our studies concentrated on 
eutrophicated areas (Andronikova 1996, 
Holopainen et al. 1996). The Sortavala 
Archipelago in the northern part of the 
lake and the Bay of Volkhov in the 
south are strongly impacted by human 
activities and the nutrient concentration 
is higher than in Lake Saimaa (Table 1).  
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Table 1. Basic limnological features of the study lakes: Pyhäselkä, Paasivesi, 
Haukivesi, Puruvesi, Etelä-Saimaa and Ladoga. Chl a = Chlorophyll a, 
Tot P = Total phosphorus 
 
Lakes Surface
area  
(km2) 
Mean 
depth 
(m) 
Max. 
depth 
(m) 
Secchi 
depth 
(m) 
Colour 
(mg Pt l-1)
Tot P 
(mg m-3) 
Chl a  
(mg m-3) 
Saimaa lake complex 4400 12 85 1.6-10 5-100   
Pyhäselkä 225 9 67 1.6-2.4 60-100 1) 11-15 2-12 
Paasivesi 108 21 72 3.7-4.3 33 2) 6-16 2.4-3.97)
Haukivesi 514 11.5 50 1.6-3.5 30-40 3) 8-34 3) 2.4-14.2 
Puruvesi 450 12 60 7-10 5 4) 5-6 4) 0.5-1.1 
Etelä-Saimaa 621 8.4 64 1.7-3.6 36 4-20 1.9-12.9 
Ladoga 17 891 6) 47 230 1.5-3.3 40-60 5) 15-29 5)  
Sortavala Archipelago    1.1-2.7 20-35 7-47 21.9-23.0 
Volkhov Bay    1.5-2.4 30-705) 9-59 11.4-18.0 
1) Holopainen (1999), 2) Mononen & Niinioja (1993), 3) Karjalainen et al. (1996), 4) Simola et al. (1996), 
5) Niinioja et al. (1996), 6) Sorokin et al. (1996) and 7) Holopainen et al. (1993). 
 
 
3. MATERIAL AND METHODS 
 
3.1 Sampling and analysing of 
zooplankton samples  
 
In the first part of the methodological 
studies (I, II) a stratified random 
sampling programme was carried out 
in Lake Saimaa. The lake areas was 
divided into littoral (0-2 m) and pelagic 
strata (0-5 and 5-10 m). Both strata 
were divided into equal sized 2x2 km 
squares, where the sampling stations 
were chosen randomly. Once 
randomised, the stations were fixed 
from year to year. In Lake Ladoga, the 
sampling stations were fixed stations 
used by Russian scientist for long-term 
monitoring programmes. In the 
zooplankton community studies (IV, V 
and VI) some of the sampling stations 
were fixed monitoring stations and 
additional stations were selected 
randomly.  
 In June 1992, the sampling 
efficiency of the pump (a Grundfos JP 
5 VA centrifugal pump with in-line 
flow meters Krohne Altoflux IFS 2800 
DN 25 PN 40) was evaluated by 
making two kinds of comparisons in 
the pelagic area of three basins of Lake 
Saimaa (Table 2, I). First, the in-line 
sampling was tested by comparing 
pump-collected samples to samples 
obtained simultaneously with a 
modified plankton net (a modified Gulf 
V planktonsampler "Nackthai"), which 
was hauled horizontally (Fig. 3). The 
second part of the study was 
undertaken to compare stationary 
pumping and tube sampling. A Limnos 
tube sampler (volume 6.7 l and length 
1 m, Fig. 3) is routinely used for 
sampling zooplankton in Lake Saimaa.  
 Zooplankton samples were 
collected from Lake Ladoga for 
intercalibration purposes in August 
1992 and 1993 (Table 2, II). The first 
comparison was made between the two 
sampling techniques: by Limnos tube 
sampler (volume 23 l and length 1 m) 
and by 120 µm mesh Juday conical net 
(mouth diameter 25 cm, total length 
120 cm) (Fig. 3). The Limnos samples 
were concentrated using a 48 µm net. 
  The second comparison was 
between two counting methods. Six 
samples were taken by Juday conical 
net and six by Limnos tube. This series 
of samples was divided into halves: 
one part was counted by Finnish 
scientist at the University of Joensuu
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Table 2. Summary of data sets, with their purposes, sampling dates, areas and 
sample sizes used in the summary of this thesis and the original articles 
(N:o)  (n = number of samples in all other cases except in length and 
weight measurements, where n is number of measured animals). Details 
of sampling provided in the individual papers. 
 
N:o Material and methods Lake Sampling dates n 
I Sampling efficiency of the pump  
Pump vs. modified plankton net (2 m) 
Pyhäselkä,  
Paasivesi,  
Puruvesi 
June 1992 26
I Sampling efficiency of the pump  
Pump vs. Limnos tube  
(Stationary sampling, 0-5 and 5-10 m) 
Pyhäselkä,  
Paasivesi,  
Puruvesi 
June 1992 58
II Intercalibration of sampling, 
Tube vs. Juday net,  stationary sampling 
Ladoga August 1992 24
II Intercalibration of analysis methods, 
zooplankton samples were divided into halves 
and counted in Finland and Russia  
Ladoga August 1993 12
III Carbon and dry weight estimates and length 
measurements 
Length-weight regression for 9 taxa in L. 
Saimaa and 10 taxa in L. Ladoga 
Pyhäselkä, 
Paasivesi 
Pyhäselkä 
Ladoga 
Ladoga 
Feb-May 1990 
 
June and August 1995  
August 1994 
June and August 1995 
478
61
335
54
IV Description of  the plankton communities along 
the observed nutrient gradients 
Ladoga, Sortavala
Ladoga, Volkhov 
August 1994 and 1995 
August 1994 
13
8
V Description of  the plankton communities along 
the observed nutrient gradients 
Haukivesi, 
Etelä-Saimaa 
July 1999 
July 1999 
10
9
VI Patterns of variability in community structure 
both among and within lakes and among three 
distinct strata: littoral, epilimnion and 
hypolimnion 
Ladoga, Sortavala
Ladoga, Volkhov 
Etelä-Saimaa  
Haukivesi  
Puruvesi 
Pyhäselkä  
August 1994 and 1995 
August 1994 
July-August 1999-2000 
July-August 1997, 1999-2000 
August 1997 
July-August 1995-2002  
41
44
25
65
33
83
VI Magnitude of interannual and seasonal variation Pyhäselkä May-September 1995-2002 66
VI Comparison between littoral and pelagic 
zooplankton  communities and examination of 
controlling intrinsic factors 
Haukivesi  
Puruvesi 
Pyhäselkä 
August 1997 
August 1997 
August 1997 
33
33
33
 and the other set by Russian scientist 
at Institute of Limnology in St. 
Petersburg (Table 2, II). The counting 
procedure used by the Russian and 
Finnish researchers differed slightly 
and is described in detail in paper II. In 
all publications (I-VI) the counting 
procedure used was similar. 
Identification of zooplankton taxa was 
based on Einsle 1993, Flössner 1972 
and Kiefer 1978. 
 In order to study the precision of 
sampling with the Limnos sampler and 
also to define the precision of our 
subsampling system (II), zooplankton 
samples were taken from four different 
lakes in the Saimaa lake complex (cf. 
Viljanen & Karjalainen 1993, 
Karjalainen et al. 1996). The details of 
the calculations are described in paper 
II. 
 In Lake Ladoga, zooplankton was 
sampled for biomass determination in 
August 1994 and in Lakes Pyhäselkä 
and Paasivesi in February-May 1990 
(III). In addition, in Lakes Pyhäselkä 
and Ladoga the comparative samples 
for analysis were collected within a 
week; the first period was in the end of 
June and at the beginning of July and 
the second period was in August 1995. 
Both a Juday net and a centrifugal 
pump were used for sampling. The 
samples were preserved and treated 
after Salonen (1979) and Salonen & 
Sarvala (1980). 
 The dry and carbon weights of 
common zooplankton taxa were 
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determined by standard methods. 
Carbon weight was determined by the 
high temperature combustion method 
of Salonen (1979). In Lakes Pyhäselkä 
and Paasivesi the carbon measurements 
were made for single animals, while in 
Lake Ladoga carbon content was 
analysed from a group of animals. 
Length-weight regressions were 
established for eight zooplankton taxa 
(Bosmina longispina, Bosmina 
coregoni, Cyclops spp., Daphnia 
cristata, Eudiaptomus spp., 
Eurytemora lacustris, Holopedium 
gibberum, and the small cyclopoids 
Mesocyclops leuckarti and 
Thermocyclops oithonoides pooled 
together) in the Lake Saimaa, and for 
ten taxa (Asplanchna spp., Bosmina 
longispina, Chydorus sphaericus, 
Cyclops spp., Daphnia spp., 
Eudiaptomus spp., Eurytemora 
lacustris, Limnocalanus macrurus, 
Limnosida frontosa and the small 
cyclopoids Mesocyclops leuckarti and 
Thermocyclops oithonoides pooled 
together) in Lake Ladoga.  
 
3.2 Analysing the zooplankton 
community structure 
 
In August 1994 and 1995 the trophic 
gradient as sustained by the nutrient 
loading from human activities in two 
bays of Lake Ladoga (Table 2, IV) was 
measured. Samples for water quality 
and phytoplankton were taken from the 
water column of 0-10 m, zooplankton 
was sampled from a whole water 
column (0-10 m, 10-20 m and 20 m – 
bottom). Thus in the surface layer (0-
10 m) both plankton abundances and 
several water quality variables were 
measured from the same pooled 
samples. Zooplankton samples were 
taken with a Limnos tube sampler, a 
plankton pump and a Juday net 
because of tight schedule of the 
expedition. The zooplankton samples 
were preserved and analysed as 
described in detail by in paper II. 
 The zooplankton community 
structure was studied along the trophic 
gradient in Lake Haukivesi and Lake 
Etelä-Saimaa. Both water quality and 
plankton samples were simultaneously 
collected on 19-22 July 1999 (Table 2, 
V). The phytoplankton samples were 
collected and analysed after 
Holopainen et al. (1996). The 
zooplankton samples were taken with a 
pump and analysed according to paper 
II.  
 In paper IV, the community 
structure of zooplankton both among 
and within lakes was studied, using 
material from Lake Ladoga (IV), Etelä-
Saimaa and Haukivesi (V) and 
unpublished material from Lakes 
Etelä-Saimaa, Haukivesi, Puruvesi and 
Pyhäselkä (Table 2, VI). Further, in 
order to investigate the interannual and 
seasonal variation of the pelagic 
zooplankton community, samples were 
collected from Lake Pyhäselkä 1-3 
times per month in May-September 
annually from 1995 to 2002. The 
sampling depths were 0-5 and 5-10 m. 
This material was collected by Limnos 
sampler and analysed as described in 
paper II. The third set of samples was 
used for comparing littoral and pelagic 
communities and to assess their 
relationship to the local environment 
and varying nutrient concentrations. 
Zooplankton samples from Lakes 
Puruvesi, Pyhäselkä and Haukivesi 
were taken in August 1997 from three 
major types of littoral habitat with 
differing substrates and degrees of 
wind exposure: stony, sandy and 
vegetated shores (Table 1, VI). Three  
sites per habitat type were sampled in 
each lake from three depth zones of 0-
0.5, 0.5-2 and 2-3 m. The sampling 
depth was equivalent to bottom depth. 
At each site, samples were also taken 
from three stations in the pelagic zone, 
from depths of 0-5 and 5-10 m. A 
Limnos sampler and a plankton pump 
were used for sampling (Tolonen et al. 
2005). 
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Figure 3. Zooplankton sampling devices used and compared in Lakes Ladoga and 
Saimaa. a) Limnos tube sampler, b) Juday conical net, c) plankton pump 
and d) modified plankton net, (a modified Gulf V planktonsampler 
"Nackthai") (Drawing by Kirsti Kyyrönen). 
 
 
 
3.3 Statistical analyses 
 
Statistical comparisons between the 
different sampling devices (a modified 
hauled net, a plankton pump, a Limnos 
tube sampler and a Juday net) and 
between the Finnish (University of 
Joensuu) and Russian (Institute of 
Limnology, Russian Academy of 
Science, St. Petersburg) analysis 
results were made by the Wilcoxon test 
(I, II, Table 1). LOG (variance) – LOG 
(mean density) regressions were 
calculated (cf. Downing et al. 1987) in 
order to estimate the precision of 
subsampling and sampling in Lake 
Saimaa (II). 
 The length-weight relationship of 
zooplankton in Lakes Saimaa and 
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Ladoga were described by a power 
function (y = axb) (III, Table 1). The 
temporal variation and differences 
between lakes was tested by analysis of 
covariance (length as a covariate). Data 
for Bosmina longispina and that for the 
pooled samples of the small cyclopoids 
Mesocyclops leuckarti and 
Thermocyclops oithonoides were used. 
In addition to seasonal and inter-lake 
differences, the estimates in dry weight 
between our equations and the wet 
weight of Balushkina & Vinberg 
(1979) were compared (III). 
 The relationship between 
zooplankton and environmental factors 
was analysed both by the linear 
Spearman correlation (IV, V) and by 
multivariate methods (DCA in IV, VI 
and CCA in IV). Detrended 
correspondence analysis (DCA) was 
used for studing the zooplankton 
assemblages along the environmental 
gradient of lakes Haukivesi and Etelä-
Saimaa (Table 2, IV). The zooplankton 
data was transformed 
(log10(density)+1), and rare species 
were downweighted. DCA (Hill & 
Gauch 1980) is an eigenanalysis 
ordination technique based on 
reciprocal averaging (CA; Hill 1973). 
The advantage of DCA is that it 
presents an unimodal distribution of 
species along an underlying 
environmental gradients (Peet et al. 
1988). DCA is a modification of 
correspondence analysis (CA). The 
arch effect and the compression of the 
ends of the gradient are removed in 
DCA. Both of those operations have 
been criticised (Minchin 1987, 
Wartenberg et al. 1987). 
  In paper VI, zooplankton 
community composition among in the 
six lake areas and three limnetic strata 
(littoral, epi- and hypolimnion) was 
analysed and compared by DCA 
(Table 1, VI). In addition, in order to 
evaluate the interannual and seasonal 
variation more specifically, the 
monitoring samples from Lake 
Pyhäselkä (1995-2002) were ordinated 
separately by DCA. The last analysis 
was to study littoral and pelagic 
zooplankton communities and their 
potential controlling environmental 
factors in three lake basins with 
different nutrient levels in Lake Saimaa 
using canonical correspondence 
analysis (CCA; ter Braak 1986, 1990). 
Altogether 99 zooplankton samples, 
including 59 taxa and 12 
environmental variables were analysed 
(Table 2). In CCA the ordination of the 
main matrix (by reciprocal averaging) 
is constrained by multiple regressions 
on the variables included in the second 
matrix.  In community ecology, this 
means that the ordination of samples 
and species is constrained by their 
relationships to environmental 
variables. CCA assumes that species 
have unimodal distributions along 
environmental gradients, and the 
method presumes that measured 
environmental variables are 
meaningful (ter Braak 1986). The 
method includes multiple regressions 
of community gradients on 
environmental variables, and thus it is 
subject to all of the hazards of multiple 
regressions. The significance of the 
eigenvalues and species-environmental 
correlations of the first three axes were 
determined by the Monte-Carlo test 
(1000 permutations).  The statistical 
analyses were performed using SPSS 
14.1 for Windows (SPSS Inc.), and the 
ordination analyses were analysed with 
PC-ORD software (McCune & 
Mefford 1999). 
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4. RESULTS AND DISCUSSION 
 
4.1 Comparison between different 
zooplankton sampling techniques  
 
No systematic differences in sampling 
efficiency between a plankton pump, a 
Limnos tube sampler and modified 
hauled plankton net were detected (I). 
On the other hand, the Juday net 
underestimated zooplankton densities; 
especially the numbers of small-sized 
animals were significantly higher in the 
tube than in the net samples (II). Most 
of the disparity could be explained by 
the difference in the mesh size, which 
was 120 µm in the Russian Juday net 
and 48 µm in the net used to 
concentrate the tube samples. 
  The sampling efficiency 
(measured by number and size 
distribution of specific taxa) of a 
plankton pump corresponded 
reasonably well to the efficiency 
obtained with the modified hauled 
plankton net and the stationary tube 
sampler (I). However, the plankton 
pump clearly underestimated the soft-
bodied rotifers and small nauplii, when 
densities were compared to samples 
taken with a tube sampler. The pump 
may cause pressure through the net 
mesh of 48 μm, and the soft-bodied 
animals are probably washed out. This 
agrees with the results of Likens and 
Gilbert (1970), which showed that the 
soft-bodied Polyarthra may pass 
through a 48 µm mesh, while the 
loricate Keratella remained in the 
mesh.  
 The disadvantages of pump are 
that it breaks the fragile animals. The 
damage to Holopedium gibberum 
varied from 20 to 47%. In the worst 
case it may make the identification of 
animals difficult, and in any case the 
measurements made on damaged 
animals are inaccurate. Yocum et al. 
(1978) stated that, in the live 
zooplankton samples that had been 
taken by the centrifugal pump, the 
percentage of dead animals was large 
(59.9%) when the net was placed after 
the pump, but was much smaller 
(19.1%) when the collecting net was 
placed before the pump. In some 
occasion the pump system can 
overestimate the density of 
zooplankton and show higher variation 
for the density of many taxa compared 
to the nets (Masson et al. 2004b). 
 In spite of certain problems, I 
conclude that the use of a plankton 
pump in zooplankton sampling gave 
results comparable to those found by 
tube or net sampling (I). There was no 
systematic bias in the zooplankton 
density estimates obtained by tube and 
plankton pump in the Saimaa lake 
system (I, II). Thus pump sampling is 
useful alternative for crustacean 
zooplankton since it is rapid, makes the 
work easier, and the depth of sampling 
can be regulated accurately.  
 In general, all volume samplers 
are very similar in the level of their 
catching efficiency (Langeland & 
Rognerud 1974, Bottrell et al. 1976, 
De Bernardi 1984). In shallow lake 
waters the tube sampler is accurate for 
monitoring purposes (I, II, Sarvala 
2004). The volume is known, and with 
tube samples, it is possible to estimate 
the density of rotifers and the nauplii of 
copepods if the mesh size of the net 
used for filtering the sample is small 
enough. In addition, the sampling 
efficiency of nets in general may be 
lower than that of tube samplers 
(Bottrell et al. 1976, Kankaala 1984) or 
pumps (I, Masson et al. 2004b). 
 Masson et al. (2004b) have 
observed that spatial variations among 
lakes or water layers are stronger than 
variations induced by sampling 
devices. This was also noticed in three 
lake basins of the Saimaa lake 
complex. The zooplankton densities 
deviated between lakes and water 
layers more than between different 
samplers. No single device exists that 
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can make quantitative collections of a 
complete spectrum of pelagic 
zooplankton (De Bernardi 1984), and 
probably the best approach would be to 
use combined methods: tubes or bottles 
for small, relatively immobile 
organisms, and for example large 
plankton traps or pumps for larger 
mobile zooplankton.  
 
4.2 Estimation of the precision of 
sampling and subsampling  
 
In addition to efficient and accurate 
sampling methods, the decision on the 
volume and number of samples and 
subsamples (i.e. determination of 
precision of sampling) has to be made. 
A coefficient of variation (CV) of 
subsampling was about 9%, when it 
was analysed in zooplankton data 
collected from Lake Saimaa (II). In the 
samples from Lake Saimaa the 
numbers of animals counted were 100-
300 in each of the five subsamples 
(volumes 5-30 ml). According to Van 
Guelpen et al. (1982) the subsampling 
error that can normally be accepted 
varies from 4.8 to 19.4%. Evans and 
Sell (1983) found the variation 
between subsamples to be considerable 
lower than between sample replicates, 
and they stressed the need for replicate 
sampling. Viljanen & Karjalainen 
(1993) have estimated that the CV for 
total zooplankton biomass in the 
pelagic zone of Lake Paasivesi was the 
highest (34.4%) in the whole lake 
scale. The vertical variation of the 
composite samples (22.3%) was clearly 
lower than in the whole lake and 
lowest (15.8%) in the replicate samples 
(Viljanen & Karjalainen 1993).  
 The dominant species are counted 
with higher precision than rare species 
when the number and volume of 
subsamples are constant. If the whole 
sample is to be counted with equal 
precision, a variable amount and 
volume of subsamples has to be 
counted (Alden et al. 1982). This is 
also valid for sampling (II), and in 
practice we must compromise over 
precision when rare species are 
concerned. Populations of crustacean 
zooplankton are most often aggregated 
in space, as the individual organisms of 
which they are comprised respond to 
spatial structure in abiotic and biotic 
environments (Pinel-Alloul 1995, 
Thackeray et al. 2005).  
 A function developed by Downing 
et al. (1987) and applied to 
zooplankton material in Lake Saimaa 
(II) predicts the variance in replicate 
zooplankton samples or subsamples as 
a function of the mean abundance, 
variance and sample/subsample 
volume. It is a powerful tool for valid 
comparative analyses of zooplankton 
aggregation on different sampling 
scales (Pinel-Alloul 1995). 
Simultaneously, this approach has been 
criticised for lack of biological 
relevance since it reveals little of how 
zooplankton is organised in space, and 
gives no information about patch 
pattern and size (Pinel-Alloul 1995).  
 
4.3 Intercalibration of zooplankton 
analysing procedures  
 
Comparisons between the Finnish and 
Russian zooplankton analysts and 
between the counting procedures 
indicated that the main groups of 
crustacean zooplankton had been 
counted and identified in a similar 
manner, although the procedures 
themselves differed (II). Only the 
density of two groups (Asplanchna and 
total rotifers) counted differed 
significantly between the Russian and 
Finnish counts. The difference in the 
counts of Rotifera may have been 
caused by the different microscopes 
used. Statistically, no differences were 
found between the majority of groups 
studied (Mesocyclops adults and 
copepodids, Cyclops adults and 
copepodids, Cyclopoida nauplii, 
Calanoida adults and copepodids, 
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Bosmina spp., Daphnia spp., 
Leptodora kindti, total cladocerans, 
copepod nauplii and total copepods). 
However, both the Russian and the 
Finnish counting results were variable 
(CV sometimes by as much as 50-
80%) in the counts of rare animals (e.g. 
Leptodora kindti) in the samples (II).  
 There may be great differences in 
the precision of data on rare or 
dominant animals in community 
samples, and the number of replicates 
and the sample volumes should 
preferably be adjusted separately for 
each taxonomic group (II). The result 
of this intercalibration was helpful in 
the cooperation, made joint ecological 
work possible and helped us to 
interpret the results correctly. 
 
4.4 Length-weight regressions for 
common zooplankton species 
 
Without any comparison between our 
own data and the regressions obtained 
from the literature, the biomass 
estimates may include serious errors 
(III). Length-weight regressions were 
established for seven zooplankton taxa 
in Lake Saimaa, Finland and for ten 
taxa in Lake Ladoga, Russia (III). The 
biomass of the measured species 
covered 80-91% of the total 
zooplankton biomass. Most of the 
variation in animal weight was 
explained by length; the rest of the 
variation was assumed to be due to 
individual variability, which was 
particularly large among copepods. 
However, the weight of large-sized and 
long-lived Calanoida (Eurytemora, 
Heterocope, and Limnocalanus) varies 
greatly according to their physiological 
stage and lipid storages (Latja & 
Salonen 1978, Cavaletto et al. 1989, 
Vanderploeg et al. 1998). The 
temperature differences cause variation 
of food availability and reproductive 
stage in different populations which in 
turn influence the individual weight of 
the animals (Latja & Salonen 1978, 
Geller & Müller 1985 Kankaala & 
Johansson 1986, Berberovic 1990, 
Kawabata & Urabe 1998). 
Both the inter-annual and 
seasonal variations in mean individual 
weight of Bosmina and small 
cyclopoids (Mesocyclops leuckarti and 
Thermocyclops oithonoides) were more 
pronounced than the lake-specific 
variation. In this case, the comparison 
of biomass estimates between different 
studies may be problematic. The large 
individual variation in zooplankton 
species and the different environmental 
conditions in different lakes and 
seasons underline the necessity of 
establishing a length-weight regression 
for each population separately or of 
measuring them directly in each study. 
 The length measurements should 
be made as accurate as possible, 
because small variations in 
measurement cause a clear increase in 
the confidence limits of weight 
(McCauley 1984, Bird & Prairie 1985). 
Dry weight is a reliable measure of 
biomass, and insensitivity of 
microbalance prevents individual 
measurements of dry weight (Dumont 
et al. 1975). Carbon content is an ideal 
measure of biomass, since it relates 
weight to the energetic content of the 
organism (McCauley 1984) and 
enables individual measurements 
(Salonen 1979). Nowadays biomass is 
rarely expressed as wet weight (e.g 
Balushkina & Winberg 1979, Melo 
Júnior 2007). 
Both length and weight are 
typically measured from preserved 
animals. Thus the effect of the 
preservative used must be taken into 
consideration. Salonen and Sarvala 
(1980) observed no statistically 
significant differences in the carbon 
content of zooplankton when the 
animals were preserved in 4% 
formaldehyde and frozen at -18°C 
immediately after sampling, as we did 
in our work (III). Contrary to biomass 
determination for routine monitoring, 
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productivity and demographic work 
conducted in the plankton of 
freshwaters, the best method is to fix 
samples in 95% ethanol followed by 
storage in 70% ethanol (Black & 
Dodson 2003). This preservation 
method has no effects on the body 
length of zooplankton and is not 
harmful to the counting personnel 
(Black & Dodson 2003). 
 
4.5 Zooplankton community 
structure in Lakes Saimaa and 
Ladoga 
 
4.5.1 Biomass  
 
Total crustacean biomass in the 
epilimnion ranged from 38 µg C l-1 to 
215 µg C l-1 and in the hypolimnion 
(depth over 10 m) from 8 µg C l-1 to 
134 µg C l-1 in the lake areas of Saimaa 
(Etelä-Saimaa, Haukivesi, Puruvesi 
and Pyhäselkä) and Ladoga (Sortavala 
Archipelago and Volkhov Bay) in July-
August 1994-2002 (Table 4). In the 
littoral zones of Lakes Haukivesi, 
Puruvesi and Pyhäselkä, total 
crustacean biomass varied from 17 to 
85 µg C l-1, being lower than in the 
pelagial (38-174 µg C l-1). The 
crustacean biomass was clearly higher 
in those lake areas were the nutrient 
concentration was high. The spatial 
variation of crustacean biomass also 
increased parallel to high biomass, 
ranging from 12 to 822 µg C l-1 in 
Volkhov Bay (IV, Rahkola-Sorsa, 
unpublished). 
 The average late summer 
crustacean biomass was 62 µg C l-1 in 
Lake Pyhäjärvi in southwestern 
Finland (Helminen & Sarvala 1997), 
which is quite comparable to Lake 
Saimaa values (Table 4). Mean 
metazooplankton (rotifers, cladocerans, 
copepods) biomass varied from 66 µg 
C l-1 to 301 µg C l-1 in 55 lakes with 
different trophic status, ranging from 
mesotrophic to hypertrophic in 
Northern Germany (Auer et al. 2004). 
In the studies of Auer et al. (2004) the 
increase of metazooplankton biomass 
along the trophic gradient was 
relatively low, although the variation 
of chlorophyll a and total phosphorus 
concentration was much higher than in 
our studies (IV, V, VI). In many cases 
the relation between zooplankton 
biomass and indicators of trophic 
status, such as chlorophyll and total 
phosphorus concentration, is not 
straightforward. Zooplankton is in the 
intermediate position in the food web, 
where it is affected by both bottom-up 
and top-down forces. Sometimes 
comparison between primary 
production and secondary production 
might provide a better result regarding 
their relationships than a comparison 
between standing stocks (Auer et al. 
2004). 
 
4.5.2 Zooplankton assemblages in 
large lakes 
 
Six crustacean species (Bosmina 
longispina, Daphnia cristata, Daphnia 
galeata, Eudiaptomus sp. (mostly E. 
gracilis), Mesocyclops leuckarti and 
Thermocyclops oithonoides) dominated 
in both the littoral and pelagial of Lake 
Saimaa and the pelagial of Lake 
Ladoga. Those species occurred in 
over 90% of all samples and formed 
from 64% to 83% of the total 
crustacean biomass. The relative 
contribution of the dominant species, 
however, varied greatly within (IV, V, 
Karjalainen et al. 1996) and among 
lakes (VI).  
 The number of observed 
zooplankton taxa varied from 18 to 29 
in a single boreal lake area of Lake 
Saimaa (Etelä-Saimaa, Haukivesi, 
Puruvesi and Pyhäselkä) and Lake 
Ladoga (Sortavala Archipelago and 
Volkhov Bay) in July-August 1994-
2002. The number ranged from 18 to 
22 per year in Lake Pyhäselkä, and 26 
taxa were identified during the whole 
eight-year sampling period (VI).
 21
Table 4. Mean zooplankton biomass (µg C l-1) and standard error of the mean in 
Lake Ladoga (Volkhov Bay and Sortavala Archipelago) and in the Saimaa 
lake complex (Etelä-Saimaa, Haukivesi, Puruvesi and Pyhäselkä) in the 
pelagic zone (0-10 m and over 10 m) in July-August and in the littoral zone 
in August. Number of zooplankton samples (n), – not determined. S = 
Total number of observed Crustacean taxa. Chl-a = Chlorophyll-a, Tot P = 
Total phosphorus 
 
 
 S Chl-a Tot P Cladocera Calanoida Cyclopoida n 
Sortavala 
(0-10 m) 
23 22.5 22 68 ± 9.8 18 ± 3.3 41 ± 7.7  19 
Sortavala 
( > 10 m) 
27  19 24 ± 9.5 54 ± 13.9 5 ± 1.9  22 
Volkhov 
 (0-10 m) 
24 14.6 23 89 ± 22.9 17 ± 3.2 109 ± 11.9  30 
Volkhov 
(> 10 m) 
21  14 87 ± 26.5 13 ± 3.2 34 ± 14.7  14 
Etelä-Saimaa 
(0-10 m) 
26 5.5 13 38 ± 5.7 24 ± 3.2 16 ± 2.6  14 
Etelä-Saimaa 
(> 10 m) 
16 6.2 18 4 ± 1.8 5 ± 1.0 1 ± 0.5  5 
Haukivesi 
(0-10 m) 
29 7.9 19 56 ± 7.5 15 ± 2.2 25 ± 3.2 32 
Haukivesi  
(> 10 m) 
19 6.0 18 8 ± 2.5 8 ± 1.3 1 ± 0.4  6 
Puruvesi 
(0-10 m) 
18 0.9 3 10 ± 1.9 20 ± 3.1 8 ± 1.8  6 
Pyhäselkä 
(0-10 m) 
28 5 12 26 ± 3.1 8 ± 0.6 7 ± 0.6  42 
Pyhäselkä 
(> 10 m) 
16  10 2 ± 1.7 3 ± 1.2 3 ± 1.0  6 
Haukivesi 
(0-3 m) 
44 8.9 19 54 ± 7.2 10 ± 2.0 21 ± 3.0 27 
Puruvesi 
(0-3 m) 
40 1.2 4 8 ±2.3 6 ± 1.5 3 ± 0.6  27 
Pyhäselkä 
(0-3 m) 
42 4.7 12 16 ± 4.0 2 ± 5.2 4 ± 1.0  27 
 
 
 The observed total number of 36 
Crustacean taxa in the pelagial of 
Lakes Ladoga and Saimaa (VI) was at 
any rate high compared to the number 
of species found in many other 
regional studies (e.g. Sarvala & 
Halsinaho 1990, Dodson 1991, 
Søndergaad et al. 2005, Walseng et al. 
2006). Furthermore, it is more likely 
that the true number of species is 
underestimated, due to the wide spatial 
heterogeneity of Lakes Ladoga and 
Saimaa and the potential sampling 
constraints. On the other hand, the 
number of species found is a function 
of the individuals studied, as shown in 
earlier research (e.g. Sarvala & 
Halsinaho 1990). This may be one 
explanation for the high observed 
diversity in Lake Pyhäselkä, where the 
number of analysed samples was 
higher than in the other lakes (Table 4). 
 Species richness relative to lake 
size has been a frequent subject of 
debate, and the general finding is that 
species richness increases along a size 
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gradient (Dodson 1991, 1992, 
Søndergaard et al. 2005, but see 
Hessen et al. 2006). Thus increased 
lake size offers a greater degree of 
habitat diversity. In eastern Finland 
and northwestern Russia, the lake 
density is high and there are many 
large lakes with an area of several 
hundred square kilometres. According 
to the equilibrium hypothesis of island 
biogeography (MacArthur & Wilson 
1967), lakes and ponds can be viewed 
as islands in a terrestrial landscape. 
This theory also predicts that more 
species will be found in larger habitats. 
The large number and high density of 
lakes in Finland are expected to shift 
the equilibrium of colonisation and 
extinction towards high richness 
(Sarvala & Halsinaho 1990).  
 Primary production, total 
phosphorus and fish community 
structure (amount of planktivores) 
were also identified as the major 
predictors of zooplankton diversity 
(Dodson et al. 2000, Jeppesen et al. 
2000, Hessen et al. 2006). The 
relationship between primary 
production and zooplankton was 
quadratic (Dodson et al. 2000), while 
zooplankton species richness declined 
considerably with increasing total 
phosphorus (Jeppesen et al. 2000). In 
the epilimnion of our study lakes, the 
highest number of Crustacean taxa was 
observed in the mesotrophic Lake 
Haukivesi and the lowest number in 
the oligotrophic Lake Puruvesi, but the 
number of samples and sampling 
occasion undoubtedly affected the 
number of observed taxa (Table 4). 
Other factors such as lake depth 
(Stemberger & Lazorchak 1993, Keller 
& Conlon 1994) may also influence 
species richness. 
 In general, high diversity is 
associated with greater temporal 
stability in species composition (Shurin 
et al. 2007). Shurin et al. (2007) also 
found that the daily, annual and long-
term richness values were all higher in 
large lakes, while the annual or 
seasonal accumulation rate of species 
was unaffected by the surface area of 
the lake. This was also noticed in Lake 
Pyhäselkä, where the rather high 
observed species richness of pelagic 
zooplankton was accompanied by low 
annual variation in diversity.  
 A high diversity of Calanoida 
species characterises the large boreal 
lakes (Hakkari 1969, 1972, 1978, 
Andronikova 1996, Kulikova & Syarki 
2004). Copepods, especially the 
calanoids, are the dominant crustaceans 
in the communities of the pelagic zone 
of large lakes under meso-oligotrophic 
conditions (Sager and Richman 1991, 
Carter et al. 1995, Andronikova 1996). 
In our study lakes, up to six species of 
Calanoida occurred. Eudiaptomus sp. 
(mainly E. gracilis, but also E. 
graciloides) was the most common 
species in all areas, and comprised over 
90% of the samples (VI). The large 
Calanoida species, such as Heterocope 
appendiculata, Heterocope borealis, 
Eurytemora lacustris and 
Limnocalanus macrurus, existed in all 
the studied lake areas, but their 
abundance varied a great deal between 
the areas (IV, VI). The diversity of 
Calanoida species in the large boreal 
lakes may be a result of their joint 
glaciation history, the suitable 
environment and different life cycle 
strategies of species. 
 Competition between copepods is 
reduced by seasonal and vertical 
separation, variations in timing and 
duration of diapause and differences in 
the utilisation of available food 
particles (Wetzel 2001). Thermal 
stratification separates the epilimnion 
from the hypolimnion vertically and 
thus increases the potential for 
coexistence of functionally similar 
species (Rigler & Langford 1967, 
Makarewicz & Likens 1975). In late 
summer Eudiaptomus gracilis stays in 
the epilimnion of Lake Ladoga 
(Rahkola et al. 1999). Eurytemora 
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lacustris and Limnocalanus macrurus 
species need cold and well oxygenated 
water, which are available in the 
hypolimnion of lakes Ladoga and 
Saimaa. Furthermore, Limnocalanus 
can perform pronounced diel vertical 
migration in Lake Ladoga, which 
enables the avoidance of visual 
predation (Rahkola et al. 1999). 
 The life histories of Calanoida 
copepods strongly influence their 
habitats and seasonal occurrence 
(Adrian 1997). Life cycle adaptations, 
such as migration and dormancy, are 
two major strategies found in 
freshwater copepods for avoiding 
abiotic and biotic conditions that 
threaten their growth and survival 
(Santer 1998). According to Einsle 
(1993), three types of life cycles are 
found in calanoids: a univoltine life 
cycle with only resting egg production 
(e.g. Heterocope borealis), a seasonal 
transition from subitaneous to 
diapausing eggs (e.g. Eudiaptomus 
graciloides, Santer et al. 2000) and 
continuous production of offspring 
without resting stages (possible 
Eudiaptomus gracilis, Santer et al. 
2000). Viitasalo (1994) has proposed 
that Baltic calanoid copepods can be 
classified according to their 
reproductive strategy: the presence or 
absence of egg sacs and the production 
of resting eggs. Resting eggs and other 
dormancy not only allows a population 
to disappear when conditions become 
harmful, but also allows the population 
to synchronise its growth period with 
favourable environmental conditions 
(Santer 1998). The egg sac makes the 
female vulnerable to visual predation 
(Vuorinen 1986) and thus affects the 
population dynamics of certain species. 
According to Viitasalo’s classification 
(1994), Calanoida in the large boreal 
lakes can be placed in three out four of 
reproductive categories (Table 5) on 
equal terms with the Baltic calanoid 
copepods. The different reproductive 
strategies together with temperature 
preferences may separate spatially 
divergent Calanoida specimens in the 
large boreal lakes. 
 
4.6 Between-lake differences of 
zooplankton assemblages  
 
The between-lake differences in 
community structure were perceptible, 
even though the total observed number 
of zooplankton species did not differ 
much in our study lakes, and the 
dominant species were the same (VI). 
The zooplankton assemblages, mainly 
Cyclops sp., Limnosida frontosa, 
Eurytemora lacustris and Bosmina 
crassicornis, were typical species in 
the slightly eutrophic and turbid 
Volkhov Bay, whereas Holopedium 
gibberum and Heterocope 
appendiculata were important species 
in the oligotrophic and clearwater Lake 
Puruvesi. The zooplankton community 
in the mesotrophic Lake Haukivesi 
deviated less from the mesotrophic 
Sortavala Archipelago and Lake Etelä-
Saimaa, but the difference in species 
composition was clearer when 
compared to species assemblages from 
the mesohumic Lake Pyhäselkä (VI). 
 Zooplankton assemblages of the 
epilimnion (157 samples) separated the 
lake basins even more clearly than did 
the whole material (291 samples). 
According to our results in VI, the 
large boreal lakes and their basins each 
have their own characteristic 
zooplankton community structured by 
the intrisic factors of each lake, such as 
surface area, depth, trophic level, 
colour of water, and certainly the 
biological community of the lake.
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Table 5. Classification of calanoid copopepods in the large boreal lakes according to 
their reproductive strategy. 
 
 No egg sacs Egg sacs 
No resting 
eggs 
- Eudiaptomus gracilis 4)
Eurytemora lacustris 5)
Resting eggs Heterocope borealis 1) 
Heterocope appendiculata 2)
Limnocalanus macrurus 3)
Eudiaptomus graciloides 4), 6)
 
1) Santer (1998), 2) Kiefer (1978) 3) Einsle (1993) 4) Santer et al. (2000), 5) Weiler et al. (2003 and 
references therein), 6) Pasternak & Arashkevich  (1999). 
 
 
 A proportion of the interannual 
variation in zooplankton abundance is 
produced by factors operating on a 
scale larger than individual catchment 
areas. These are, for example, density-
dependent, climate-related phenomena 
(Rusak et al. 1999). Lakes Saimaa and 
Ladoga are located in the same 
catchment area and have rather similar 
weather conditions, but not in shoreline 
development. In addition, they were 
interconnected during the post-
glaciation period, which ended in 
11,600 years ago (Saarnisto & 
Saarinen 2001). Relatively close 
geographic proximity may eliminate 
the confounding effects of temporal 
differences on community composition 
caused by regional environmental 
drivers (Rusak et al. 2002). 
 Lake areas were distinguished 
from one another in spite of the 
differing sampling years and depths. 
The issue of whether single-year 
estimates of community composition 
are appropriate for cross-lake 
comparisons using data collected from 
different years has been highlighted 
earlier (Olden et al. 2006). 
Zooplankton taxa differed in their 
consistency in depth distribution and 
seasonal timing, and thus both seasonal 
and annual variation may be an 
impediment to understanding the 
forces that structure zooplankton 
population (Kratz et al. 1987). In this 
study, interannual and seasonal 
variation in the composition of 
zooplankton assemblages in a lake area 
was examined by using samples 
collected from May to September 
during eight years (VI). The magnitude 
of this annual within-lake variation was 
then contrasted with between-lake 
variation. It seemed that between-lake 
differences in zooplankton community 
structure were greater than interannual 
or seasonal within-lake differences 
(VI), which has also been shown in 
other studies (Kratz et al. 1987, Olden 
et al. 2006). Single-year estimates of 
community composition collected over 
different years may therefore be 
adequate when studying lakes across a 
broad environmental gradient, as in our 
studies in the Lakes Saimaa and 
Ladoga. 
 
 
4.7 Variability in the zooplankton 
community with controlling factors  
 
4.7.1 Spatial differences in the 
zooplankton community along 
trophic gradients 
 
Clear total phosphorus gradients were 
detected with the distance of the 
sampling station from point loading 
sources towards the unloaded parts of 
the studied lake areas in Lakes Ladoga 
and Saimaa (IV, V). This gradient is 
accompanied by an increase in total 
 25
depth and Secchi depth towards the 
unloaded parts of the lake areas.  
 In 1994, in the Sortavala 
Archipelago, total zooplankton 
biomass and also total phytoplankton 
biomass correlated negatively with the 
distance of the sampling station from 
the town of Sortavala (IV). In 1995, 
total zooplankton and phytoplankton 
biomasses did not differ between most 
of the stations. However, at the station 
located near Sortavala (2 km) the 
zooplankton and phytoplankton 
biomasses were much higher than at 
the other stations. There was no linear 
correlation between total zooplankton 
biomass and the distance from the 
loading point in Lakes Haukivesi, 
Etelä-Saimaa (V) or in Volkhov Bay 
(IV).  
 The response of the zooplankton 
community to ecosystem enrichment is 
related to both abiotic (Stemberger & 
Lazorchak 1994) and biotic factors, 
e.g. food availability, predation 
pressure (Hessen et al. 1995, Auer et 
al. 2004) or competition. The relative 
importance of these factors is not 
easily determined. Further, most of the 
factors are interrelated and, to some 
extent, may work in the same direction 
(Hessen et al. 1995). 
 The changes in zooplankton 
community structure in large boreal 
lakes are not a function of nutrient 
enrichment alone, although both in 
Lake Ladoga and in Lake Saimaa a 
clear phosphorus gradient existed, 
caused mainly by nutrient loading from 
human activities. Other possible 
explanations for the composition and 
distribution of plankton community 
can be indirect or direct mechanism in 
food web dynamics. The major part of 
the phytoplankton biomass consisted of 
diatoms and Cryptophyceae both in 
lakes Saimaa and Ladoga (IV, V). 
Amount of blue-greens increased from 
estuary of Volkhov River to the pelagic 
zone (V), but in the other lake areas the 
proportion of blue-greens was minor. 
However, clear within-lakes 
differences of phytoplankton 
community structure were detected 
(IV, V, Rahkola-Sorsa et al. 2001). 
This can influence the taxonomic 
composition and dominance of 
zooplankton. Used methods, 
nevertheless, limit the possibility to 
make further conclusions of food 
availability for zooplankton. In 
addition, a study of bacteria and 
protozoa would have improved the 
interpretation of the plankton 
community results. 
  Intense fish predation can shape 
the zooplankton community; and some 
signs of varying predation pressure 
were noticed in the Sortavala 
Archipelago when total fish density 
decreased in relation to the distance 
from Sortavala town (IV). 
Unfortunately, no data on fish were 
available from other areas.  
 In a large-scale Norwegian study, 
neither cladocerans nor calanoids 
varied systematically with lake 
productivity or fish predation pressure 
(Hessen et al. 1995), resembling the 
situation in Ladoga and Saimaa (IV, 
V). However, at species level, most 
herbivorous cladocerans and calanoids 
differed in their preference for lake 
productivity and fish community and 
could be grouped distinctly according 
these variables by canonical 
correspondence analysis (Hessen et al. 
1995). Usually studied lake sizes are 
restricted to small lakes and include 
only a few nutrient-poor lakes (e.g. 
Jeppesen et al. 2000, Auer et al. 2004, 
Yan et al. 2008) whereas our lake areas 
are large (hundred of square 
kilometres) and rather nutrient-poor, 
which makes the comparison with 
other lake areas difficult. 
 The correlation method that we 
used in our studies (IV, V) assumes 
linear response of the zooplankton 
community to phosphorus and primary 
production, which is not always the 
case. When relationships are unimodal 
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or a function of sampling scale, the 
results may be conflicting (Carpenter 
& Kitchell 1987).  
 Phyto- and zooplankton 
biomasses and densities were small at 
the sites nearest to the loading sources 
and elevated in the outer parts of the 
effluent impact areas of Volkhov Bay 
(IV) and Lakes Haukivesi and Etelä-
Saimaa (V). In 1997-1998, water 
discharge from the River Volkhov 
varied between 18 and 24 km3 a-1, and 
60% of the total input of phosphorus 
and 40-50% of total nitrogen 
discharged into Lake Ladoga derived 
from the River Volkhov (Wirkkala et 
al. 2000). On the other hand, zoo- and 
phytoplankton biomass was highest in 
the nearest sampling station to the 
town of Sortavala (IV). One possible 
explanation for this may be the 
different type of loadings. Waste 
waters from human settlements 
dominate in the areas close to the town 
of Sortavala, while in Volkhov Bay; 
the chemical industry and agriculture 
together with human settlements are 
the most important sources of polluted 
water (Raspletina et al. 1987). 
Industrial toxicants may cause 
inhibition of plankton growth and 
diminished survival (Moore and 
Ramamoorthy 1984). In the Bay of 
Volkhov, the load of phosphorus and 
other possible harmful substances 
brought by the River Volkhov is high, 
although large open area undoubtedly 
dilutes the concentrations rather 
quickly. Furthermore, concentrations 
of metals, polycyclic aromatic 
hydrocarbon and chlorinated 
hydrocarbons observed in sediments of 
Lake Ladoga were similar to those 
detected in lakes considered as 
unpolluted (Ristola et al. 1996). The 
point source loading in Lake Haukivesi 
is derived almost entirely from the 
town of Varkaus and mainly from its 
pulp and paper industry (Virtanen & 
Manninen 2000). The pulp and paper 
industry and settlements of 
Lappeenranta and Joutseno in the 
south-western part of Lake Etelä-
Saimaa were the largest point source 
loaders. 
 Another explanation for 
discrepancy between phosphorus 
concentration and plankton biomass 
might be methodological. Auer et al. 
(2004) found a discrepancy between 
the changes in biomass of potential 
food organisms and grazers in lakes of 
Northern Germany along the trophic 
gradient. Thus the comparison of 
production rates of prey and predator, 
e.g. phytoplankton and zooplankton, 
may provide a better idea of their 
relationship than a comparison of their 
standing stocks alone (Karjalainen et 
al. 1996, Auer et al. 2004). Primary 
productivity is mainly driven by 
nutrient levels, but trophic cascades 
may add to the variability between 
different nutrient levels (Carpenter et 
al. 1985). 
 
4.7.2 Top-down control by visual 
predation  
 
Information about fish predation on 
zooplankton in Lakes Ladoga and 
Saimaa is rather limited. Records of 
fish population size or even knowledge 
of community composition are very 
poor. In the pelagial of boreal lakes, 
vendace, whitefish, smelt and juveniles 
of other fish will shape the 
zooplankton population (e.g. Helminen 
& Sarvala 1997). In the boreal lakes’ 
large-sized Daphnia species, which are 
typical key species in temperate lake 
ecosystems, are lacking. Our lakes 
typically contain several common 
small or medium-sized Daphnia 
species (Daphnia cristata, Daphnia 
galeata Daphnia longiremis and 
Daphnia cucullata) and Bosmina 
species (Bosmina longispina, Bosmina 
coregoni, Bosmina crassicornis and 
Bosmina longiremis). Hessen et al. 
(1995) have stated that Daphnia 
cristata, Bosmina coregoni, Limnosida 
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frontosa and Bosmina longiremis are 
comparatively predation-resistant. 
They are all abundant species in 
Ladoga and Saimaa, which may 
indicate fairly strong predation 
pressure in the pelagic environment.  
 The top-down mechanism is 
thought to function through large 
herbivores such as large-sized 
Daphnia. In mesotrophic large lake 
with a strong vendace stock, the grazer 
control of algae may function even 
through smaller-sized herbivores 
(Helminen & Sarvala 1997). This is 
contrary to the findings of McQueen et 
al. (1986), who claims that large-
bodied filter-feeding zooplankton are 
necessary to control phytoplankton 
standing stocks. 
 Especially in large lakes, the 
question of observation or sampling 
scale in many cases prevents direct 
findings on prey-predator relationships 
in nature. Zooplankton sampling is 
normally rather restricted and small-
scale. Moreover, it is still challenging 
to obtain a realistic estimate of fish 
population size or structure. There are 
only a few studies that simultaneously 
evaluate the spatio-temporal 
distributions of both zooplankton and 
fish (Masson et al. 2001). 
 
4.7.3 Vertical distribution of 
zooplankton  
 
In late summer, the thermocline 
separates the epilimnion and the deeper 
water. The daytime vertical distribution 
of zooplankton corresponds to the 
thermal stratification of the water mass 
in late summer in Lake Ladoga 
(Avinsky 2003). The zooplankton 
community can be divided into a 
“surface community” (depth zone 0-10 
m) mainly consisting of rotifers, 
cladocerans, small cyclopoids and 
copepod nauplii and a “deeper water 
community” (over 10 m) consisting of 
later stages of large-sized copepods 
(e.g Limnocalanus macrurus, 
Eurytemora lacustris and Cyclops spp.) 
and some cladocerans (e.g. Bosmina 
longispina) (Andronikova & Avinsky 
1997, Rahkola et al. 1994, 1999, VI). 
Many of these meta- and hypolimnion 
populations migrate to the upper layers 
in darkness (Rahkola et al. 1999). In 
Lake Ladoga the diel migration of 
large Copepoda was pronounced from 
the lower metalimnion to the 
hypolimnion in the range of 8-50 m 
(Rahkola et al. 1999). A similar 
division between surface community 
and migrating community was made in 
Baltic Sea (Viitasalo 1994). Because 
the vertical differences are so clear in 
late summer in the boreal lakes, they 
must be taken into consideration in 
ecological studies of zooplankton.  
 In Lake Ladoga the maximum 
daytime biomass of both zooplankton 
and phytoplankton was found on the 
surface, and biomass decreased along 
with depth (Rahkola et al. 1994, 1999). 
The trophogenic layer ranged between 
stations from 5 to 10 metres. The 
maximum biomass of cladocerans was 
distributed exceptionally at the pelagial 
stations (Rahkola et al. 1994, 1999). 
The biomass of Bosmina longispina 
reached its daytime maximum at a 
depth of 10-20 metres and the animals 
moved to the surface layers during the 
hours of darkness (Rahkola et al. 
1999). A similar phenomenon was 
noticed in Lake Ontario, where the 
highest absolute abundance of B. 
longirostris was detected between 20 
and 50 metres (Johannsson et al. 1991), 
and in Längelmävesi, south Finland, 
where the maximum abundance of B. 
obtusirostris was found between 15 
and 30 metres (Hakkari 1969). Biotic 
factors such as fish predation can 
regulate the distribution of zooplankton 
also in the meta- and hypolimnion 
(Masson et al. 2004 a). The distribution 
of cladocerans seemed to be related to 
the total depth of water (Rahkola et al. 
1994, Rahkola-Sorsa, unpublished).  
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4.7.4 The inshore-offshore gradient  
 
The number of zooplankton taxa 
decreased with depth, and biomass 
increased along with the transition 
from littoral to pelagic zones in Lakes 
Haukivesi, Puruvesi and Pyhäselkä 
(VI). Depth divided the community 
into pelagic species, which were 
Limnocalanus macrurus, Holopedium 
gibberum, Daphnia galeata, 
Bythotrephes longimanus, Heterocope 
appendiculata and littoral or benthic 
species, which include most of the 
Chydoridae, Macrotricidae and 
Eucyclopinae (VI). All these families 
contained species (Wetzel (2001) 
called them intermittently planktonic 
taxa) that are strongly associated with 
sediments or macrophytes. A clear 
discrepancy between the littoral and 
the pelagic communities has also been 
found in other large lakes (Johansson 
et al. 1991, Carter et al. 1995). Inshore-
offshore distance accounted for 17-
22% of the total spatial variance in 
Lake Kinneret (Pinel-Alloul et al. 
2004). It explained slightly less of total 
variation than vertical environmental 
gradient distribution.  
 Some zooplankton species is 
thought to be purely pelagic and avoid 
the littoral. This shore avoidance 
(Hutchinson 1967) was also evident in 
Lake Saimaa, where the biomass of 
zooplankton often more than doubled 
from the shoreline to the pelagial. 
Boikova (1986) states that the biomass 
differences between littoral and pelagic 
zones ranged from 10 to 100 times 
depending on season. Stable inshore-
offshore density gradients mainly of 
Cladocera have been observed 
regularly in many lakes (Boikova 
1986, Jakobsen & Johnsen 1987, Urabe 
1990). It is thought to be a result of 
higher predation pressure by 
planktivorous fishes in the littoral areas 
(e.g. Lehtovaara & Sarvala 1984, 
Jakobsen & Johnsen 1987, but see 
Masson et al. 2001). On the other hand, 
macrophytes can provide zooplankton 
with a daytime refuge against fish 
predation, depending on the fish 
species present (Burks et al. 2001). In 
the Lake Saimaa, zooplankton biomass 
was highest in the gently sloping 
sheltered shores, i.e. on vegetated 
shores with a high biomass of 
phytoplankton (Tolonen et al. 2005). 
Zooplankton biomass seemed to be 
regulated from the bottom up in the 
littoral areas, and fish biomass did not 
affect the zooplankton biomass 
(Tolonen et al. 2005).  
 
4.7.5 Temporal variation in Lake 
Pyhäselkä 
 
Interannual and seasonal variation in 
the composition of zooplankton 
assemblages in Lake Pyhäselkä was 
examined by using samples collected 
from May to September during eight 
years (VI). The magnitude of this 
within-lake annual and seasonal 
variation was then contrasted with 
between-lake variation (VI). The 
seasonal succession of the pelagic 
ecosystem can be seen as a producer 
regulated process driven ultimately by 
solar energy (Viitasalo 1994). Each 
species has its own life cycle strategies 
to adapt seasonal succession. 
Simultaneously acting biotic 
interactions as both bottom-up and top-
down mechanism governed the finally 
observed population structure.  
 Zooplankton species composition 
of Lake Pyhäselkä showed clearly that 
the species composition differed in 
early summer (end of May-June), late 
summer (July-August) and autumn 
(September). Seasonal variation 
seemed to be of the same magnitude or 
less than between-lake variation and 
higher than interannual late summer 
variation (VI). The interannual 
differences in late summer species 
composition increased the variation in 
species composition within a lake 
basin, but the variation was rather 
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random and clearly less than between-
lake variation (VI). On the contrary, 
interannual variation seen in many 
lakes in spring may be substantially 
larger, but material from Lake 
Pyhäselkä is too sparse to make any 
further conclusions. In Baltic Sea the 
differences between seasons are larger 
than differences between years in most 
biotic parameters (Viitasalo 1994). In 
Lake Michigan the variation between 
months contributed more to total 
variation than that between years or 
stations (Evans & Sell 1982). 
However, using data collected in 
different years decreases the possibility 
of model between-lake differences, 
because temporal variability is 
introduced into analysis (Olden et al. 
2006).   
 
 
5. CONCLUDING REMARKS AND 
FUTURE RESEARCH NEEDS 
 
The range of variation in zooplankton 
communities increases with 
observation scale. In the regional scale, 
notable the differences in zooplankton 
community structure are observed and 
the large-scale natural (e.g. latitude, 
geology, climate) and anthropogenic 
(e.g. acidification, climate chance) 
stressors are probably the main factors 
that influence the zooplankton 
community structure (Finlay et al. 
2007, Rusak et al. 2008, Yan et al. 
2008). Within a region the size of the 
lake can matter. The size of a basin 
relates positively with habitat 
heterogeneity and range of physical 
conditions that together determine the 
large-scale patterns of zooplankton 
distribution, whereas small-scale 
variation is predominantly determined 
by the biotic factors.  
 This thesis 
demonstrates that in a large lake the 
zooplankton communities have their 
own characteristic features, shaped 
ultimately by local conditions such as 
nutrient level, humus influence and 
lake morphometry: conditions that 
often differ between neighbouring 
lakes. It is worth to note that this thesis 
do not include inclusive analysis of the 
factors (or their priority) which cause 
the differences between lake areas but 
highlights the sensitivity of 
zooplankton community for multi-
functional abiotic and biotic factors. 
Thus, zooplankton community analysis 
can be useful tool for determination of 
the ecological status of a lake. On the 
contrary, total biomass or abundance 
alone may not be a sensitive metric for 
meaningful characterization of 
crustacean zooplankton communities, 
because a significant change of these 
measures may actually require quite 
extreme changes in the ecological 
circumstances. In the future, large lake 
ecosystem research is needed 
especially because of climate change 
which may influence zooplankton 
community structure, species diversity 
and food web interactions. Especially 
those species, which require cold and 
well oxygenated water, may be 
vulnerable. 
 The spatial scale is of importance 
also for the determination of optimal 
methods and sampling protocols for a 
particular zooplankton community 
analysis. The spatial heterogeneity of 
zooplankton populations is a prominent 
characteristic in the large lakes. Both 
volume-based devices (tubes, pumps) 
and plankton nets take samples from 
single points, which especially in large 
lake basins may be inadequate, as it 
increases the observed standard 
deviation, thus bringing undue 
difficulties the interpretation of results. 
The comparison between point 
sampling and in-line methods, such as 
fish echosounding is also challenging. 
New technologies are therefore needed 
to increase the temporal, vertical and 
horizontal resolution and coverageof 
sampling. 
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 In the 1990s, three advanced 
technologies have been developed for 
zooplankton quantification: acoustic 
devices, optical technologies and video 
systems. These devices are non-
invasive, so that gelatinous 
zooplankton species or egg-bearing 
copepods remain intact. Pinel-Alloul 
(1995) and Wiebe & Benfield (2003) 
have presented recent reviews of new 
sampling technologies. Furthermore 
promising new techniques include new 
molecular technologies for identifying 
zooplankton species in situ, and real-
time data analysis for three-
dimensional display (space) and four-
dimensional visualisation (space and 
time) of biological and acoustic data 
(Wiebe & Benfield 2003).  The 
advantages all of these new approaches 
are that they increase the vertical and 
horizontal spatial resolution of 
sampling and allow rapid real-time 
profiling of the water column, which 
enables precise sampling by nets, tubes 
or pumps for calibration of abundance 
or in order to obtain information on 
species composition. The 
disadvantages of acoustic or optical 
techniques are that they provide very 
little taxonomic information, and in 
addition, other biological 
measurements of animals are often 
impossible. Thus, these methods can 
well supplement, but not substitute the 
currently used methods.  
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